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© Method and device for examining the wear and friction properties of surface materials exposed to 
sliding friction. 
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© The investigation of wear- and friction quality of 
materials under sliding contact e.g. between the 
cam-surfaces and valve-tappets in a motor engine, is 
carried out by trial and error methods. These tests 
last long and are rather costly. According to the 
claimed method and apparatus the above disadvan- 
tages are obviated by a rather simple, cheap but 
reliable system. Thereto are two test-pieces (5. 2) 
moved relative to each other under a certain load in 
an apparatus whilst a lubricant, is supplied between 
their sliding surfaces. The energy generated due to 
the repeated movements of said test pieces being 
measured at different lubricant temperatures and the 
parameters plotted in (comparative) graphics. Tests 
reveal that e.g. steel DIN 17220 vacuum heat treated 
(test-piece 2) has the best quality with regard to 
sliding wear as measured against SKF Steel 3 (test 
piece 5) such as recorded by graph C. 
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Method and device for examining the wear and friction properties of surface materials exposed to 

sliding friction 



The invention concerns a method and a device 
for examining the wear and friction properties of 
surface materials exposed to sliding friction. 

Thus far, for the study of the wear and friction 
properties of surface materials one has to rely on 
practical tests whereby the components for which 
the materials are ultimately destined are incor- 
porated in the machine in question. For example, 
when checking the valve plates operating in con- 
junction with the lobes of a camshaft in car en- 
gines, the engines are tested on the test bench or 
the cars are tested on the test track in order to 
check the action of the valve plates. Similar tests 
require a lot of time and money before yielding 
data offering reliable predictions about the prop- 
erties of the components or the materials. 

The invention aims at providing a method 
which effectively overcomes the aforementioned 
drawbacks while offering a fast and simple way for 
predicting the wear and/or friction properties of 
materials. 

For this purpose, the method according to the 
invention is characterized by the fact that a first 
test piece of a first type of material and a second 
test piece of a second type of material are moved 
against one another over a certain distance and 
under a certain load while a lubricant is applied 
between the exposed surfaces, whereby the re- 
quired energy is measured and this step is subse- 
quently repeated a number of times at various bulk 
temperatures of the lubricant, following which the 
measured energy consumption is plotted on a 
graph as a function of the bulk temperature of the 
lubricant. 

A surprise discovery was made in the sense 
that this fast and cheap method provides excellent 
insight into the wear and friction* behavior of sur- 
face materials. Depending on the load and the 
variable temperature, various lubrication conditions 
will occur between the two test surfaces. A con- 
stant load cycle will yield - at a low bulk tempera- 
ture of the lubricant and thus a high degree of 
viscosity of the latter - a full-film lubrication be- 
tween the test surfaces. When the temperature is 
raised and, consequently, the viscosity of the lubri- 
cant is lowered, the bearing capacity of the lubri- 
cant film will undergo a. transition from full-film 
lubrication to mixed lubrication, followed by border 
lubrication. If the energy needed for a certain dis- 
placement between both test pieces is plotted on a 
graph as a function of the bulk temperature of the 
lubricant, the transitions between the aforemen- 
tioned types of lubrication are easy to recognize. 
The lower the temperature at which a transition 



occurs - and the lower the energy use for a certain 
temperature (low friction coefficient) - the better the 
wear and friction properties will be of a combina- 
tion of surface materials. It is obvious that the 

5 energy use for full-film lubrication will yield better 
information about the surface layers of the material, 
while the energy use for border lubrication will 
provide above all indications about, border layers of 
the material formed with additives from the lubri- 

io cant 

If the tests are continued over long periods of 
time it is also possible to examine the wear and 
tear profiles of the exposed surfaces. 

In a specific form of execution of the method 

75 according to the invention, both test pieces are 
moved alongside one another under changing 
loads whereby preferably the first piece is driven 
by rotation while the second piece is moved 
against the first piece by spring action. As the first 

20 test piece, a cam or eccentric ring may be used. 

This procedure provides a simple way for sim- 
ulating a condition of sliding friction between a 
camshaft lobe and a valve plate in a combustion 
engine. Thus it is possible, with very simple 

25 means, to gain insight into the behavior of the 
surface material of the valve plate, which means 
that this test provides a basis for a well-founded 
selection of materials. 

To measure the energy dissipated by friction 

30 between the test piece surfaces, one can measure 
the torque at the driven axle of the first test piece. 
Another possibility, of course, is to measure the 
force on the second test piece in the direction of 
the displacement of the first test piece over the 

35 second test piece. From the torque measured and 
the angle traversed, or from the transverse force 
measured and the friction path covered, it is possi- 
ble by means of simple numerical calculations to 
calculate the energy consumption per revolution of 

40 the cam or eccentric ring. 

As mentioned earlier,, the invention concerns 
also a device for examining the wear and friction 
properties of surface materials exposed to sliding 
friction. 

45 According to the invention this device is char- 

acterized by a holder for a first test piece of a first 
material, a holder for a second test piece of a 
second material, driving means for moving the first 
and second test pieces with regard to one another. 

so means for loading the first and second test pieces 
with regard to one another, means for measuring 
the energy needed for the relative displacement 
between the first and the second test pieces, 
means for supplying a lubricant to the exposed 
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surfaces of -he first and second test pieces, and 
means for heating the iubricant ana keeping it at a 
certain temperature. 

The invention shall be explained hereafter with 
the aid of the drawing which provides an example 
of execution of the invention. 

Figure 1 is a schematic rendering of one 
execution of the device according to the invention 
for examining the wear and friction properties of 
surface materials exposed to sliding friction. 

Figure 2 is a vertical cross-section of one 
part of the device according to Figure 1 . 

Figure 3 is a front view, partially in cross- 
section, of the device according to Figure 2. 

Figure 4 shows a graph representing the 
theoretical curve of the energy consumption as a 
function of the lubricant temperature. 

Figure 5 shows the same graph as Figure 4 
but the curve of the energy consumption is pre- 
sented for three different combinations of materials. 

Figure 1 shows in a highly schematic fashion 
the device for examining the wear and friction 
properties of surface materials. The device serves 
in particular for testing valve plates for combustion 
engines. The device has a holder 1 for a first test 
piece in the form of a disc 2, and a holder 4 
mounted on a horizontal axle 3 for holding a sec- 
ond test piece in the form of an eccentric ring 5. 
The axle 3 can be driven in: a rotating fashion by 
means of an electric motor 6 which by means of a 
belt transmission 7 grasps the axle train 8 contain- 
ing the axle 3. The axle train is carried by two rigid 
bearing units 9 and 10. In addition, between the 
bearing units 9 and 10, the axle train 8 holds a 
vibration damper 11 and a torque recorder 12. The 
torque recorder 12 serves to measure the moment 
on the axle train 8 resulting from the sliding friction 
between the eccentric ring and the disc. The holder 

1 for holding the disc 2 is caught by a more or less 
vertical rod 13 which can glide back and forth and 
is tensioned by a spiral spring 1 4 t so that the disc 

2 is loaded by spring pressure against the eccen- 
tric ring 5. 

By way of a guide 15 before the rod 13. the 
spiral spring 14 rests against a seat 16 mounted on 
a housing 17. Between the seat 16 and the housing 
17 a force recorder 18 has been installed for mea- 
suring the force exerted by the spring 14 on the 
rod and therefore of the force exerted by the disc 2 
on the eccentric ring 5. 

The inner space of the housing 17 contains the 
holders 1 and 4 for both test pieces, or the disc 2 
and the eccentric ring 5. and this inner space can 
be filled with a lubricant for lubricating both test 
pieces 2 and 5. The housing is connected to a 
lubricant circuit 19 which includes a heating ele- 
ment 20. This heating element 20 is controlled by 
means of a temperature recorder 21 which mea- 



sures the bulk temperature of the lubricant in the 
housing 17. 

The motor 6. the torque recorder 12. the force 
recorder 18. the heating element 20 and the tem- 

5 perature recorder 21 are connected to a central 
control and registration unit 22. 

In Figures 2 and 3. the device for examining 
the friction between the exposed surfaces is ren- 
dered in greater detail. It shows that the holder 4 

iq for holding the eccentric ring 5 on the axle 3 
consists of locking pins 24 inserted in the eccentric 
ring 5 and in a locking element 23. and a pressure 
element 26 which can be fastened by means of a 
screw 25 and serves to press the eccentric ring 5 

75 against the locking element 23. 

The holder 1 for the disc 2 consists of a bowl- 
shaped element and the disc 2 is pressed into the 
bottom 27 of this bowl-shaped element, while the 
cylindrical wail 28 can slide into a sleeve 29 which 

20 by means of a locking screw 30 is fastened in a 
casing 31. The locking screw 30 also prevents the 
holder 1 from being twisted inside the sleeve 29 
because the locking screw 30 protrudes into a 
longitudinal slot 32 in the cylindrical wall 28 of the 

25 holder 1. The casing 31 is mounted in a thicker 
section of the upper wall 33 of the housing 17. 

Within the cylindrical wall 28 of the holder 1 a 
dish 34 has been installed with a spherical depres- 
sion 35. The rod 13 impacts the holder 1 by means 

30 of a ball 36 located between the lower extremity of 
the rod 13 and the depression 35 in the dish 34. 

Near its upper extremity the rod 13 can slide 
inside the guide 15 which is carried in the seat 16 
by means of a spherical bearing 37. The spiral 

35 spring 14 is locked in between this guide 15 and a 
spring retainer 38 resting on a shoulder of the rod 
13. The spiral spring 14 constantly presses the rod 
13 downward so that the disc 2 is pushed against 
the eccentric ring 5. Because of the spherical bear- 

40 ing 37 and the ball support, the rod 13 is capable 
of exerting pure pressure on the disc 2, without any 
bending moment. 

The force recorder 18 is contained in one of 
the tap bolts 39 for supporting the seat 16 on the 

45 housing 17. By means of this force recorder 18 and 
the torque recorder 12 the momentary friction co- 
efficient between the disc 2 and the eccentric ring 
5 can be calculated. 

A front wall 40 of the housing 17 is made of a 

so transparent material and can be removed by sim- 
ply' loosening the snap locks 41. The connections 
42 and 43 of the housing are intended for connect- 
ing the lines of the lubrication circulation system 
19. 

55 The method according to the device is as 

follows. 

The axle 3 and therefore the eccentric ring 5 
are driven by means of the electric motor 6 with a 
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given number of revolutions. The eccentric ring 5 
rotates against the disc 2 whereby the spiral spring 
14 places a load on the disc 2 so that the disc 2 
follows the eccentric motion of the eccentric ring 5. 
The lubricant in the housing 17 is kept at a con- 
stant temperature by means of the control unit 22. 
The torque recorder 12 measures the counter-mo- 
ment exerted by the friction between the disc 2 
and the eccentric ring 5 on the axle 3. From the 
constantly measured moment the energy expended 
by the friction between the disc 2 and the eccentric 
ring 5 can be calculated numerically via the integral 
over one revolution of the moment dependent on 
the angle. The energy use is recorded over one 
revolution together with the accompanying bulk 
temperature of the lubricant by the control and 
recording unit 22. Similar measurements are re- 
peated a number of times whereby the bulk tem- 
perature is raised every time. 

Figure 4 shows a graph in which the vertical 
coordinate represents the energy use per revolu- 
tion of the eccentric ring and the horizontal coordi- 
nate represents the bulk temperature of the lubri- 
cant. The energy use as a function of the lubricant 
temperature is characteristic to the point that a 
number of properties of the combination of materi- 
als regarding sliding friction and wear and tear can 
be derived from it. 

First, three temperature zones I, II and III can 
be distinguished, indicating specific lubrication con- 
ditions. The first zone I, extending all the way to a 
transition temperature T< , indicates the presence of 
a full-film lubrication between the disc 2 and the 
eccentric ring 5. Here the energy use is low. An 
increase in the temperature of the lubricant leads 
to a strong increase in energy consumption after 
the transition temperature Tt" in the zone II, which 
can be explained by the appearance of mixed 
lubrication between the disc 2 and the eccentric 
ring 5, whereby any rough rough high spots on 
both exposed surfaces are in contact with one 
another. As the temperature of the lubricant in- 
creases - and the viscosity of the lubricant de- 
creases and therefore also the bearing capacity of 
the lubricant film - the contact between the rough 
high spots grows steadily, leading to an increase in 
friction between the two elements and thus in en- 
ergy use. 

At a transition temperature T2, the condition of 
mixed lubrication turns into a condition of border 
lubrication (zone III), whereby the energy use no 
longer increases when the temperature of the lubri- 
cant is raised. It is even possible that the energy 
use will drop because at a certain temperature the 
additives of the lubricant start adhering to the metal 
surface of the disc 2 and/or the eccentric ring 5, 
and start acting as border lubricant. 

It should be obvious that a material possesses 



favorable friction properties if the energy use is low 
and the transition temperatures Ti and T 2 are high. 
Figure 5 shows three curves. A, 8 and C. with 
curve A belonging to a test piece 2 of 52100 steel 

5 with surface cementing. Curve 3 represents a test 
piece 2 of DIN 17220 steel with surface cementing, 
while curve C represents the results for a test 
piece of 2 DIN 17220 steel which has undergone 
vacuum heat treatment. 

70 All cases make use of an eccentric circle 5 

made of a ball bearing steel known by the name of 
SKF 3. while standard motor oil is used as lubri- 
cant. 

It appears clearly from the graph in Figure 5 

15 that the combination of the eccentric ring 5 of SKF 
3 steel and the disc 2 of DIN 17220 steel with 
vacuum heat treatment possesses the most favor- 
able properties with regard to sliding friction. A 
comparison between wear and tear, profiles of the 

20 different test discs 2 indicates furthermore that this 
combination is also the most favorable with regard 
to wear and tear. 

According to the invention a method and a 
device for examining the wear and friction prop- 

25 erties of surface materials exposed to sliding fric- 
tion have been created which are very simple, 
which provide fast insight into the behavior of ma- 
terials, and which yield reliable results. 

The invention is not limited to the model of 

30 execution described above and shown in the draw- 
ing, which model can be varied in several ways 
within the framework of the invention. 



as Claims 

1. Method for examining the sliding friction 
between exposed surfaces of different combina- 
tions of materials, characterized by the fact that a 

40 first test piece of a first type of material and a 
second test piece of a second type of material are 
moved against one another over a certain distance 
and under a certain load while a lubricant is applied 
between the exposed surfaces, whereby the re- 

45 quired energy is measured and this step is subse- 
quently repeated a number of times at various bulk 
temperatures of the lubricant, following which the 
measured energy consumption is plotted on a 
graph as a function of the bulk temperature of the 

so lubricant. 

2. Method according to Claim 1, character- 
ized by the fact that both test pieces are moved 
against one another under varying loads. 

3. Method according to Claims 1 or 2, char- 
55 acterized by the fact that the first test piece is 

driven in a rotating fashion while the second test 
piece is loaded against the first test piece by 
means of a spring. 
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4. Method according to Claims 2 or 3. char- 
acterized by the fact that as first test piece a cam 
or eccentric ring is used. 

5. Method according to Claims 2. 3 or 4. char- 
acterized by the fact that the torque is measured 5 
at the driven axle of the first test piece. 

6. Method according to Claims 2, 3 or 4, char- 
- acterized by the fact that at the second test piece 

the force is measured in the direction of the dis- 
placement of the first test piece over the second 10 
test piece. 

7. Method according to one of the preceding 
claims, characterized by the fact that the second 
test piece is loaded in the direction of the first test 
piece with an adjustable force. rs 

8. Device for examining the sliding friction be- 
tween exposed surfaces for different combinations 
of materials, characterized by a holder for a first 
test piece of a first material, a holder for a second 

test piece of a second material, driving means for 20 
moving the first and second pieces with regard to 
one another, means for loading the first and second 
test pieces with regard to one another, means for 
measuring the energy needed for the relative dis- 
placement between the first and the second test 25 
pieces, means for supplying a lubricant to the 
exposed surfaces of the first and second test 
pieces, and means for heating the lubricants and 
keeping them at a certain temperature. 

9. Device according to Claim 8, characterized 30 
by the fact that the holder of the first test piece has 
been mounted on an axle which can be driven in a 
rotating fashion, while the holder of the second test 
piece is tensioned, loaded by spring action and 
capable of sliding back and forth. 35 

10. Device according to Claim 9, character- 
ized by the fact that the first test piece consists of 
a cam or eccentric disc and the second test piece 
of a test plate held perpendicular to the first test 
Piece. 4Q 

11. Device according to Claims 9 or 10, char- 
acterized by the fact that the rotating axle of the 
first test piece contains a torque meter. 

12. Device according to . Claims 9, 10 or 11. 
characterized by the fact that the holder of the 45 
second test piece is grasped by a more or less 
vertical rod which is tensioned by means of a 
spring element, preferably a spiral spring, while on 

the one hand the rod rests by means of a ball- 
retaining support against the holder, and on the so 
other hand it is guided to slide in a guide sus- 
pended by a spherical bearing. 

13. Device according to one of the Claims 8 
through 12, characterized by the fact that the 
holder of the first test piece and the holder of the 55 
second test piece are contained inside a housing 
which serves as reservoir for the lubricant. 
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